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COMPOSITIONS FOR CONTROLLING 
METHODS AND ^ 8 ^ LO p M ENT 

of • family 
, » „onetic coding sequences oi 

.^J rtants have homology to mammalian » 
of developmental prote^ in plants Recombinant 

pr ote in s an, to ^L. - -"•»» 

■Ml" comprising plant d plant with altered 

promoters, are used to produce • «^ ^ ste rility. 

development. The altered deveiopm ^ 

can be 

Ih e expression of most « not ^ 
considered to be related » some a . ve lopment signal, 

classes of genes are known tc , resp o£ ti „ ues ana 

involved in cell J» u _ 

organs, or in controlling re^.«d by light .such 

characterised ^"'J^t £ hormones, and genes that 
as rbcs and cab gene families) . o y ^ or 

are expressed specif ically l-^-^ ^ 
in specific cell types in these tl ^ ^ o£ 

19 ,0. and Xuhlmeier et al.. 1 ' o£ t otner genes, 

genes are Known to "•^^^V*-." which codes for a 
such as the maUe regulatory gene o£ 22 xd »in 

transcriptional activator »aul»tin, 0» exp ^ ^ ^ 

genes (Schmidt et al.,^9 transoript ion.l activators w hl ch 

R genes in man. that code f #t ^ „„„ . x 

reoulate the ^"'"^^he idMlt if ication and isolation 
new area of research relates to ho ,„iogy to genes from 

o£ plant genes which, based or , th.« ^ .„ ^ 

enii.1 and yea* Jsses snl -s cell division. See 

centre! of basic cell ^ process ^ ^ % ^ u ^ 

Ja cobs. ^ ' e ^; gene which has been cloned from mai.e 

homologue of the yeast ca^ y 
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, i 1991) in the future, there are certain to be 
(Colasanti et al . . : 991) ^ control other basl c 

additional genes identified in v 

cellular or developmental processes. irop iicated 

in abnorma! ^T^. ^ ls . pediatric tumor of the 
3tate - Ilchtl - in ^ryonic blastema cells and occurs in 

- cloni. of t.o ra finger protein 

"T'-TZ 'the trly To^ <» — fa " Uy ^ 
belonging to the eariy gro * often deleted xn 

to the 11P!3 iocs in ^J^J r : >l ..!».)■ ~ 
t »morigenic cells (cal ,^ 90. « ^ ^ 

second gene. -""^^^'Uu.tlo. using cD„*s and » 
5 through the use of subtracrive ny wilms ' microcell 

derived from —^/^"nL « b e expressed 

Is. but was lac*in, in Wilms- tumorigenic « Une. 

The protein encoded by the QM gene is 25 w> xn s 

T with a PI of approximately ll.o. "owdy also 

is very basic with a pi or app 

demonstrated that 0 M is a «~ ° f ^» ^ et aJ . (wa) 
of —is. particular primates, van _ den ° ^ 
cloned the QM gene from a human x,t er J"™ 0 * olonea 
25 showed that this gen. was 100* s^ilar « in 
Q „ gene. The expression of J ^ ^ ^ ^ gene olone d 

^hicrViL -a frol-van d.n ouweland et al.. suggests 
in the chicKen, wiui Dh vlogenetic range, 

that this gene is conserved across a large phyl g 

It has been postulated that QM may be inv 
30 maintenance of the non-tumorigenic phenotype .Oo^y et al.. 

„„, . recent experiments suggest^ «, a* ^ 
regulator of the transcriptional actl ™ 3P scul»tion that 

ether proteins £ ^ ^ cfll growth and 

35 lack of QM protein leads to y } These 

ultimately tumor formation ^^^^ for 
results did not suggest that a QM gene might exist P 
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^arable to those associated 
whi ch there are not phenotypes comparable 

with the QM gene in animalS - lant development can be 

Discovery of genes ^ch alter p 

US eful in -elo^ = -^ ^ such as detasseling, 

because other "e^ 0 **™*^* _ incomp atibility, have serious 

o**^^~%^£L are u'eful for production of 
shortcomings. Male sterxxe r 

hybrid seed. comin ercial sale is a large 

Production of hybrid ^seed i t f ^ ^ 

industry. Plants grown from h * brld distinct breed in g 

xerotic effects of crossing two is superior 

lines. ^•*^^'*~Z£^rt^<>^ t *' ^ 

to both parents, ^^^/^vaLties compared to open- 
better performance of hybrid^ seed ^tractive for 

pollinated vf^"^^" pre mium price in the 
farmers to plant and, hence, 

cross-pollination and not sen p« 

mechanisms can be mechanical, chemi cal or r g« • can fae 

A mechanical method for hybrid male 
US ed if the plant species in guestion ^ ^^J^"^ corn 

and female flowery ,« ^-^T^^ «~~ * 

plant, for example, has pollen p ^ ^ 

inf lorescence at the apex of assured by 

axils of leaves along the stem. se ifing. 
mechanically detailing the ^ hybrid S eed 

E ven though detasseling .s e but also 
production, the process is not only 

costly, since yield loss is however , have both 
. . Most major crop plants ol t ^ ^ 

functional male and female organs withx„ th ^ 
emulation is not a simple procedure * * however , 
by hand the pollen forming organs ^^^^ iRtwlw . 
. this form of hybrid seed ~ ^ I^L raanne r only if 

and, hence, expensive Seed , s pr ^ 
the value and amount of seed recover* 
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^ method of producing hybrid seed is to 

A 7Xt^«t£ 1™ P=nen These 
use chemicals that kill o ^ transitory . 

chemicals, termed gametocides. are _»sed P o£ 

m ale sterility, commercial production * ^ ot ^ . 

oametocides i, limited by the ^\^^\ ct J of the 
chemicals and the reliability and uich 
applications. These chemical. f ~< Biu he 

the extended flowering period because n«, ^ 
produced that will not be ^cause of 

repeated application of chemicals is impractica 

COStS ' hvbrid seed-production systems for field 

Many commercial hybrid seea plants 

crops rely on a genetic method -Id 
that are used as <^** *^ ^ b±ocbemlc ^y unable to effect 
pollen, or produce ^TZ, are biochemically unable to 
self-fertilization. Plant, t lnoOTpatlbl .. (SI), 

self-pollinate are said tc , b , elf .incompatibility 

D ifficulti.s — ~ Ration of the self- 
system include (i) availability and p P* m1£ . 

incompatible female ^^"•J^JLti.uxty can be 

^"""helical™ ££T~ « - "A"— ^ ^ 

overcome chemically, oi u,i QC v s pollen is 

before the bio-chemical ~»TZJ5L systems It can be 
activated. Unfortunately, self-incompatible sys 

deactivated are often very vulnerable « «^ q£ ^ 
conditions that break or reduce the effectiven 

biochemical block to self-pollination. clal Gecd 

9f more widespread """^ £ ~ TOCha „isms 

production are systems of pollen ^ al type ., 
causing male sterility. These systems , » oft 9 

formation because of oallea ..cytoplasmic 

cytopusmic-genetxc »1. ste^y^ ^ or 

male sterility- or ^ CHS » / ^oplasmic organeUe. which 

aborted because of a defect an i 

generally is a oan be either dominant or 

Nuclear (genie) sterixix.y H vbrld seed 

recessive. A dominant sterility can only be used for hybrid 
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formation if propagation of the female line is possible, for 
example, via in vitro clonal propagation. A recessive sterxlxty 
could be used if sterile and fertile plants are easily 
discriminated. Commercial utility of genie sterility systems xs 
5 limited however by the expense of clonal propagation and rougxng 
the female rows of self -fertile plants. 

Although there are reports of hybridization schemes 
involving the use of CMS, there are many problems that limit its 
commercial value. In these systems, a specific mutation in the 
10 cytoplasmically located mitochondrion can, when in the proper 
nuclear background, lead to the failure of mature pollen 
formation. In some instances, the nuclear background can 
compensate for the cytoplasmic mutation and normal pollen 
formation occurs. The nuclear trait that allows pollen formation 
15 in plants with CMS mitochondria is called restoration and is the 
property of specific "restorer genes." Generally, the use of CMS 
for commercial seed production involves the use of three breeding 
lines, the male-sterile line (female parent), a maintainer lxne 
which is isogenic to the male-sterile line but contains fully 
20 functional mitochondria and the male parent line. 

The male parent line may carry the specific restorer 
genes, usually designated a "restorer line," which then imparts 
fertility to the hybrid seed. For crops, such as vegetable crops 
for which seed recovery from the hybrid is unimportant, a CMS 
25 system could be used without restoration. For crops for which 
the fruit or seed of the hybrid is the commercial product, the 
fertility of the hybrid seed must be restored by specific 
restorer genes in the male parent or the male-sterile hybrid must 
be pollinated. Pollination of non-restored hybrids can be 
30 achieved by including with hybrids a small percentage of male 
fertile plants to effect pollination. In most species, the CMS 
trait is inherited maternally (because all cytoplasmic organelles 
are inherited from the egg cell only) , which can restrict the use 
of the system. 

35 Although CMS systems are reported, they possess 

limitations that preclude them as a solution to production of 
male sterile plants. For example, one particular CMS type in 
corn (T-cytoplasm) confers sensitivity to infection by a 



WO 941/21804 



- 6 - 



PCT/US94/02161 



particular fungus. Although still used for a number of crops, 
CMS systems have a tendency to break down with prolonged use. 
Generally, male sterility is less than 100%. 

A search for methods of altering development in plants, 
5 for example, to produce male sterile plants, revealed an 
exceptionally suitable family of developmental proteins in 
plants, the QM family. The methods and compositions of the 
present invention provide a new nuclear basis for manipulating 
male fertility. 

10 SUMMARY OF THE INVENTION 

The present invention relates methods and compositions 
for altering piant development. The methods use genetic 
constructs including the QM gene isolated from plants. 

It was unexpected to find a QM gene in plants. The QM gene 

15 has been described in mammals in relation to tumors, being 
expressed in normal cells, but not expressed in tumor cells. The 
gene is likely to be down-regulated in tumors, for example in 
Wilms' tumor in humans. A gene related to mammalian oncogenesis 
would not be expected to have a homologue in plants, because 

2 0 comparable developmental abnormalities do not occur. Tumors are 

known to occur in certain plant species, but these are 
specifically caused by infection by exogenous agents such as 
Agrobacterium or other pathogens. Yet, a polynucleotide was 
isolated from the maize genome that unexpectedly showed homology 

2 5 with the nucleotide sequence of the mammalian QM gene. That 

polynucleotide from maize is referred to hereon as "QM^" A QM 
gene was also cloned in tobacco (QM T ) . 

The protein encoded by the maize polynucleotide is a 
developmental protein. Developmental proteins include proteins 

3 0 that are expressed during development in response to a regulatory 

signal such as a hormone, and proteins that regulate 
developmental pathways. The QM gene in plants therefore is useful 
in the context of controlling development, for example, 
development of pollen. Interference with pollen development 
3 5 produces a male sterile plant. Developmental proteins are 
recognized by their ability to alter the result of normal 
development structure or function. 
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22 „ amino acids. Xn other species. » ^J^^ in ot 
Q „ cD»A isolated W humans, encodes a ^ 
approximately 214 amino acids. » general a QM family * 
in plants (QH,) encode, a protein charactered by a prl V 
.eguence of approximately 200-250 amino acids, and has propert.es 

""Te splcmcaliy. genes of the B „ family encode a family ot 
proteins that is characterised hy the presence of three conserved 
regions in the amino acid sequence of th. , protei- » 
,„„, In a maise QH protein, the first conservec a 
incluL L first 10 amino acids positioned from the amino 

rm^^e second conserved region includes 
seouence fro. residues 50 to 60, and forms an amphu.ath.c helix 
er„ m - QM protein, the third conserved «*^^ 
20 at residues M-l*. These three conserved regxons exhibit a high 
degree of homology to corresponding regions that are 
characteristic of their kalian -"^'^f^Z 
■ homology" is defined here to denote that at least 80% of the 
"ids at corresponding positions, as defined in reference 
25 to the amino terminus of th. .seance .recent- . 
The overall homology of a plant am amm 
relative to a mammalian counterpart, is generally at 
T„e difference, between plants and mammals occur in the 
from approximately residue 135 (relative to the -termmal, to 
■xn the c-terminal end of the protein. 

The nucleotide seguence positions from the ^ 
en cod. th. conserved region in the 

approximately positions 30-100, position "° * 5 p 
330-00. Hybridisation probes prepared frorn^ «>-e ^ 
35 hybridize to the comparable mammalian QM seguenc 

stringent conditions, oligonucleotide probes prepared fro the 

sT.iriuyc ^oi-^ct new QM genes in pianos 

conserved region are usef ul^ to detect n Q ^ ^ 

under low stringency conditions, 
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formamide, 5X SSC (0.75 M NaCl) , at 37-C. The coding regions of 
the maize sequence show approximately 64% homology to the human 

QM sequence overall. 

Because of "wobble" in the third position of each codon in 
the nucleotide sequence, a functionally similar protein can be 
encoded with as much as 36% overall divergence between the 
nucleotide coding regions. In the same species, a sequence 
encoding at least the three conserved regions is expected to 
encode a functionally equivalent protein. This is not 
necessarily true of cross-species comparisons, where protein 
function is interrelated with biochemical pathways characteristic 
of the species. But both the plant and the mammalian QM proteins 
have major effects on developmental processes. 

At least two QM polynucleotides, and as many as six, are 
distinguishable by Northern blot analysis of maize preparations. 
An illustrative embodiment of a polynucleotide encoding a QM 
protein is shown in FIG. 1 for maize. The amino acid sequence 
corresponding to FIGURE 1 is shown in FIGURE 2. Oligonucleotide 
primers developed from this sequence are used to amplify the DNA 
in the open reading frame. Oligonucleotide primers are used to 
amplify the DNA in the open reading frame of claim 2, said 
primers having the nucleotide sequences: Left: 5'- 
ATGGGCAGAAGGCCTGCTAGATGC / Right: 5 • -CAACGGCATCGAGGAAAGCCTTCC . 
' Primers that are useful in detection of the tobacco 
homologue include GCGAGATCTAAACCATGGGCAGAAGGCC and 
GCGAAGCGGCCGCTTAAGCAACGGCATCGAGGAAAGCC. PCR oligonucleotides 
were used to amplify the tobacco QM gene from generic tobacco 
(sp. xantni), by means of Taq polymerase (Perkin Elmer), at a 
hybridization temperature of 55-C, and amplified product was 
digested with Bglll and NotI, electrophoresed on 0.8 LMA, 
subcloned into Bluescript SK+ and then sequenced. 

An isolated and purified plant QM maize protein has an 
estimated molecular weight of approximately 25 kD and a PI of 
approximately 11. 0. A protein deduced from the cDNA sequence 
will be free of other proteins when prepared synthetically by 
recombinant methods. Isolated and purified QM proteins and 
epitopic fragments thereof are useful in preparing antibodies. 
These antibodies in turn are useful for diagnosis of 
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^ fh, analysis of developmental pathways 
developmental problems and the analysis the QM 

ln plants. Th. location and ° £ '"f develop „ent. For 

protein is useful in determining how to «".r * 
example, the antibodies developed to QM are useful to 
5 i£ and when the protein is turned on in specific cells or tissue 
of tht plant. This information is useful in developing methods 
or interfering with or enhancing developmental pathways 
including those related to pollen development, such information 
is ulul in developing superior plants, or male sterile plants. 

10 Tsol.ted and purified QM proteins in plants are also useful 

in analyzing protein-protein interactions. For these purposes 
labeled protein probes are developed. A fusion protein — 
the QM protein is prepared in E. coll, for example, 

ls LbeUed and used in detecting protein interactions during 
development. See Smith * Johnson. 198». and Kon . Dressier. 

19 " recombinant DHA molecule is prepared comprising the QM 
gene in the sense orientation. i.e.. an orientation 

20 normal mRMA is transcribed and is used a. a template to translate 
the normal QM gene protein, and a promoter ~£ 
transcription of said DMA in a plant cell. ™». r « ant isense 
molecule can alternative!, encode the QM gene in the ant sense 
orientation. This molecule contains the QM gene ^ ^ ^ 

25 opposite direction such that the minus or 

transcribed. No QM gene product is translated, but a RMA 
transcrioea. produced which is 

transcript complementary to the QM mHW is P 
inhibitory to th. translation of th. plant, own QM mKMA, 

decreasing th. amount of QM ^ „ tissue . 

The promoter in the construct can be a cell _ 
specific promoter, so that the gene is he expressed in specific 
cells or tissues. For example, in a method for producing a male 
: rile Plant, an anther specific or tapetal-specif ,c Promoter is 
preferred. The TA39 promoters which ~ ^ 

35 invention, are a suitab V e promoter. •^"^ ^ for 
cells are examples of a tissue or cell that is cru 

„ ,i„ anther tissue includes support cells ana 
development of pollen. Anther tissu „,,„. x QM gene 

developing microspores, and excludes mature pollen. 
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construct can be effective in altering development wither 
"pressed in a sense or an antisense orientation. If 
g enes and processes in anther tissue which are or can be 
regulated by QM, a sense QM construct could affect eve op, by 
altering the timing of regulation by QM or affect development by 
overexpression of the QM protein. Correspondingly, if QM or any 
ge „es which can be regulated by QM are essential for ^normal 
Inther development, expression of an antisense QM construct could 
affect development by interfering with normal QM expression 

The promoter in the construct may be an inducible promoter, 
so that expression of the sense or antisense molecule xn the 
construct can be controlled by exposure to the inducer. Exemplary 
of such an inducer is a plant hormone used to control a hormone- 
sensitive promoter. Partial sequence of a QM promoter isolated 
from maize is shown in FIGURE 3. 

Altering development is particularly useful to produce 
a male sterile plant. A method for producing a male sterile plant 
is to transform a plant cell with a recombinant molecule 
comprising the sense gene for the QM plant protein, or an 
antisense molecule directed to the QM gene. An approbate 
promoter is selected depending on the strategy for developmental 

, „ a strategy is to overexpress the QM gene 

control. For example, a strategy x=» 

selectively in anther tissue by using an anther specific 
promoter. To produce a male sterile plant, the transformed eel 
would be regenerated into a plant, pursuant to conventional 

methodology. 

A transgenic plant containing the QM gen. construct can 
be regenerated from a culture transformed with that ^ same 
construct, so long as plant species involved is — £ 
regeneration, -culture- in this context comprehends 
of cells, a callus, or derivatives thereof that are suitable for 

""""plant is regenerated fro. a transformed eel! or culture, 
or from an explant. by methods disclosed herein t^at *»™ ~ 
those of skill in the art. Methods vary according to the plant 
species, seed is obtained from the regenerated plant or from a 
Toss between the regenerated plant and a suitabXe plant of the 
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same species using breeding methods known to those of .Kill in 

Male sterile tobacco plants were produced by regenerating 
plants fro, tobacco leaf explants transformed with either a QM^ 
5 sense gene, or QM. antisense construct. A U*ely 

that the exogenous QM„ gene expression disrupted the normal 
developmental balance of tobacco male fertility. 

^ J? r nBfiCRIPTTON OF THK DRAWINGS 
The accompanying drawings, which are incorporated m and 
10 constitute a part of the specification, illustrate presently 
preferred embodiments of the invention. Together with the 
foregoing general description and the following, detai ed 
description of the preferred embodiments, the drawxngs detailed 
below serve to explain the principles of the invention: 

15 FIGURE 1. Nucleotide sequence and the encoded amino 

acid sequence of the cDNA clone 10-15 which encodes the maize QM 

homo log . , ^ w . „ 

FIGURE 2. Amino acid alignment analysis of the maize 

QM homolog (upper sequence) with the human QM amino acxd 

20 sequence. , a nM 

FIGURE 3. A partial nucleotide sequence of a QM 

promoter from maize. 

FIGURE 4. A plasmid map of the plasmid designated 

PPHI3621, including a QM* sense gene. 
25 FIGURE 5. A plasmid map of the plasmid designated 

PPHI3622, including an antisense to QM.,. 

FIGURE 6. A plasmid map of the plasmid designated 
PPHI1285, a selectable bar plasmid for tobacco. 

FIGURE 7. A plasmid map of the plasmid designated 
30 PPHI4722. including a human antisense gene. 

' FIGURE 8. A plasmid map of the plasmid designated 
PPHI4723, including a human sense gene. 

FIGURE 9. A plasmid map of the plasmid designated 

35 PPHI4719 FIGURE 10. A plasmid map of the plasmid designated 
pPHI4720. 
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FIGURE H. A plas»id map °f the plasmid designated 

PPH " 87 " FIG UR E la. * Pi-" -* ° £ the plas " ld deSl9 " ated 
PPHI610 "n GURE U . A Placid »ap of the P las»id desisted 

DPHI460 including a uidA gene. ^-icmated 
FIGURE 14. A plasmid map of the plasmxd designated 

PPHI1952 including a uid* g«.. designa ted 
FIGURE 15. A plasmxd map of tne p-l- 

» oPHI2125 including a uidA gene. 

FIGURE 16. A Plasmid map of the plasmid desxgnated 

PPHI1527, including a lucif erase gene. alienated 
FIGURE 17. A plasmid map of the plasmxd designated 

PPHI3620, including a QH« sense gene. 
5 FIGURE 18. A plasmid map of the plasmxd desxgnated 

DPHI1493, including a GUS gene. 

FIGURE 19. A plasmid map of the plasmid desxgnated 
PPHI4745 (TA39 (14B1)), including a sense gene. 

FIGURE 20. A plasmid map of the plasmid desxgnated L62 
o (TA39 (14B1)) including an antisense to QM,„. 

FIGURE 21. A plasmid map of the plasmid desxgnated 
PPHI4855 (TA39 (8B3)), including a GUS gene. 

FIGURE 22. A plasmid map of the plasmid desxgnated L59 
(TA39 (8B3)), including a QM„ sense gene. 
, 9 FIGURE 23. A plasmid map of the plasmid desxgnated L61 

(TA39 (8B3)). including an antisense to 

FIGURE 24. The nucleotide sequence of the TA39 (8B3) 

Pr ° m0ter FIGURE 25. The nucleotide sequence of the TA39 (14B1) 
3 o promoter . 

- The present invention relateT^methods and composxtxons 

for altering development in plants. The invention also xs 
roLerneT with a plant gene ^-^r^ 
„ expressed gene in humans that ^J^^J^l^^ 
mai ntenance of the non-tumorigenxc state and tha 
to be absent in Wilms- tumorigenic cells Ixnes. Thxs gene, 
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is present as a gene family in humans and rodents, has been 
demonstrated in a number of diverse mammalian species. 

Pursuant to the present invention, a gene has been cloned 
from maize and tobacco that encodes a protein having a high 
5 degree of homology with the human QM protein (approximately 67%) . 
The maize gene encodes a polypeptide of 25 kD of which basic 
residues comprise 22% of the protein. This gene is expressed in 
all maize tissues examined by northern blot analysis and is a 
member of a plant gene family. 

10 The present invention further relates to a method for 

producing male sterile plants and hybrid seed, to genetic 
material employed to impart the male sterility trait, and to new 
products produced by the method, namely, genetically transformed 
plants carrying the male sterile trait, male sterile plants and 

15 hybrid seed produced by pollinating said plants with pollen from 
male fertile plants. 

FIGURE 1 illustrates the nucleotide and derived amino 
acid sequence of a clone designated 10-15. The cDNA clone was 
93 6 nucleotides in length and contained a single open reading 

20 frame encoding a polypeptide of 25,138 daltons. This polypeptide 

is very basic, having a calculated pi of 11.0, with the basic 
residues being distributed throughout the protein. In the search 
for homology with other previously characterized genes, the amino 
acid sequence encoded by clone 10-15 was used to survey the 

2 5 GenBank database by means of the TFASTA program of Genetic 

Computer Group (GCG, Devereux et al . , 1984). This analysis 
yielded a score of 716 with the human QM gene. When the amino 
acid sequence encoded by clone 10-15 was aligned with the amino 
acid sequence of the human gene (FIGURE 2), several regions of 

3 0 interest are notable. First, is the high degree of conservation 

of the amino-terminal region, where the first ten amino acid 
residues are conserved. The second region, again conserved in 
the two proteins, is between residues 50 and 61 which forms a 
putative amphipathic helix. There is a third conserved region 
35 from residue 98-135. 

With reference to the three conserved regions together, 
the presence of a 59-residue stretch of highly conserved amino 
acid implicates a conserved function within these regions of the 
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protein. The carboxy-terminal region is poorly conserved and may 
not be as important in the function of the protein. Northern 
blot analysis of RNA isolated from leaf and root tissues from 
seven day corn seedlings demonstrates that cDNA from clone 10-15 
5 is expressed in both, with roots and leaves showing roughly the 
same level of expression. In additional northern blots, this 
gene was found to be expressed in anthers and earshoots. 

Southern blot analysis demonstrates that the maize 
homolog is a member of a small family of approximately 4 to 6 
10 members in maize. 

The following examples illustrate methods of practicing 
the invention. The scope of the invention is not limited to the 
embodiments illustrated in these representations. 

Example 1: Interference with Norma 1 Ijrrij »ent of Tobacco 
* plants by Transformation with the qji^ oene 

Tobacco seeds (cv. xanthi) were germinated under sterile 
conditions. After approximately 7 to 10 days under light at 
28«C, the cotyledons and first leaves were removed aseptically 
a nd cut into fourths (approximately 1-2 mm square sections) and 
20 placed onto sterile filter paper discs saturated with medium 
containing 0.25 M sorbitol. The discs were incubated in the dark 
at 28-C overnight. The next morning the tissue sections were 
bombarded by means of a biolistics apparatus to transform cells 
with an equal mixture of the QM„, construct ( P PHI3621-sense 
25 construct, FIGURE 4 or pPHI3622-antisense construct, FIGURE 5) 
and a plasmid containing the selectable marker (BAR gene) . Total 
DNA of 0.1 m was sent by means of five bombardments. 

Following bombardment, the tissue was returned to 28'C 
incubation in the dark. After 48 hours the bombarded tissue was 
30 transferred to selection medium (BAST A) and placed under lights 
at"28*C. After about 2 weeks, small colonies began to appear, 
and continued to appear for about 1 week. The leaf pieces were 
transferred to regeneration medium which allowed leaves and 
plantlets to form. After the formation of plants, the young 
,5 plantlets were transferred to rooting medium to allow root 
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f o„,«i°n. After about l-» weeks, th. plants were taken to the 
greenhouse for planting. not yield 

The sense construct, pPHI3621 in ,,„.., 
a5 many colonies as did the contro! (selectable marker alone, 
» " fact. many colonies formed, but subsequently died. Those that 
lived grew at a much slower rate than the controls. Host of the 
surging calli generated fro. the colonies did not gxv. nse to 
Xante most of those that did produce plants did so fro, growth 
of a d Utinct portion of the calli indicating a revertant sector 
10 I oss of th. p^.smid, . The resulting plants were negativ, > for 
the maize gen. by PCR analysis. observations on the -111 
Tndicates they were having trouble forcing or 
meristem to produce a plant. A plant was found to 
for the plasmid. yet did produce a plant. a *™- ? > " l™ 
« grew very slowly and did not produce roots by the txm. t was 
Transferred to the greenhouse. It grew extremely slowly x. - the 

greenhouse for so*. time ^^^Z £Z — 
grew at a normal rate and appeared normal. The plant 
and set seed in a fashion similar to normal plants however the 
,o seeds that were produced were abnormal lookm,. and in 
germination tests too. greater than two weeks to germinate. 
„ Ainnar p d to 4-6 days for normal seed. 

P The calli derived from the antisense ( pPKI3« 2 , (fl«n 
„ bombarded tissues showed completely different gr owth 
2 « characteristics. Th. calli in several instances grew at a much 
"derated rate and produced .n abundanc. of vegetate growth^ 
These calli produced plants at a near normal rate. The , plantlets 
moved to regeneration and rooting medium produced roots at a rate 
Hster than controls. Th. resulting plants appaared normal 
3„ flowered and set seed in a normal fashion. The seeds produced 
g.rminated normally and the plants appear normal. 

These results suggest the OM gen. plays a role m 
aevelopment. m transformed tobacco, most likely, 
prevents or inhibits meristem formation «hen .->^£-£™ 
35 "fix" a cell at a specific developmental stage. After the gen 
A „„ the cell will no longer differentiate, 
is turned on, the cell ^ .^.^ ^ 

Overexpression of the gene i» 
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. . flffl . Q aenerate plants, Overexpression may be 
formation of meristem to generate h 

lethal at higher concentrations. 

The plant cells with constructs including the antisense 
molecules, were able to grow in sotae cases at accelerated rates. 
5 An interpretation of these results is that the antisense molecule 
was stopping the action of the tobacco QM gene product, and 
allowing differentiation to occur more readily and to produce the 
abundance of foliage seen on the calli. The experiment was 
repeated 3 times and basically the same observations were made in 
10 each experiment. These results are consistent with the 
observation that QM may function as a repressor molecule. See 
Monteclaro et al., 1993. 

Example 2: Demonstration of Microspore-Specif io Gene 
example Es£pre ssion by In Situ Hybrxdizatxon 

15 This example illustrates a method for showing that an 

isolated DNA comprises a gene that exhibits microspore-specxf xc 
expression. In particular, the results here demonstrate that 
expression of mRNAs related to a particular tobacco cDNA clone xs 
localized to microspores of tobacco anthers. "Microspore 
20 specific" as used herein relates to gene expression in any cell 
or tissue that is crucial for pollen development. Anthers and 
tapetum are examples of such cells or tissues. 

An anther-specific tobacco cDNA clone, designated TA39, 
was obtained from Dr. Robert B. Goldberg of the Department of 
Biology, University of California, Los Angeles, California. The 
clone was then used to recover the TA39 promoter to be used wxth 
the QM gene. (See Example 3) . This cDNA hybridizes to mRNA from 
tobacco anthers and not to mRNA from the pistil, petal, leaf or 
stem (Koltunow et al., 1990). The cDNA is 490 bases long, 
30 including a poly A + tail of 42 bases. This cDNA £ 
two transcripts of 550 bases and 680 bases in Northern blots of 
RNA-isolated from anthers. RNA dot blots have shown that TA39- 
related transcripts accumulate and decay with the same temporal 
sequence as five other anther-specific transcripts, all of whxch 
35 are localized within the tapetum (Koltunow et al . , 1990). 

Anthers of Nicotinia tobacum (cv Kyl7) were collected at 
the tetrad stage and handled by standard cytological techniques 
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(Berlyn et al., 1976). Anthers were dehydrated in t-butanol and 
embedded in paraffin, then sliced into 8 ^ thick sections and 
fixed to slides. DNA fragments of clone TA39 and another cDNA 
clone (LA2 : an epidermis-specific mRNA) were excised from 
plasmids, purified by gel electrophoresis and labeled by nick 
translation with biotin-14-dATP, using the BioNick Labeling 
System (BRL) according to directions of the manufacturer. In 
situ hybridization of fixed anther sections with biotin labeled 
probes was carried out and detected using the DNA Detection 
System of BRL. In this system, streptavidin binds biotinylated 
probe DNA and biotinylated alkaline phosphatase, resulting in 
precipitation of nitroblue tetrazolium in cells in which the 
probe hybridizes to target nucleic acids. 

Examination of these in situ hybridization analyses 
showed that the anther locules of the tested specimens contained 
tetrad stage microspores. In anther sections probed with TA39 
DNA only the tetrads accumulated tetrazolium dye. In contrast, 
anther sections probed with a control DNA (LA2) accumulated dye 
in the epidermal layer. This tissue-specific control 
demonstrates that the observed precipitation of dye in 
microspores of anther sections probed. by TA39 DNA is not due to 
nonspecific retention of DNA or detection system components by 
the microspores* 

Te^i.f^on r»f T39 Genomic Clones Comprising 
Example 3, J^ion £ Microspor e-Specif ic mRNA; 

T39 Promoters 

This example provides methods of isolation of genomic DNA 
clones comprising sequences homologous to any microspore-specif ic 
mRNA for which a nucleic acid probe is available. The approach 
described is useful for isolating microspore-specif ic regulatory 
sequences from any plant species which has microspore-specif ic 
mRNA that is homologous to such an available probe. 

A tobacco anther-specific cDNA clone, TA39, was obtained 
from Dr. Robert Goldberg of UCLA. TA39 hybridizes to mRNA from 
anthers in a similar temporal pattern as seen with several 
tapetum-specific transcripts (Kultunow et al., 1990). 
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in situ hybridizations showed that TA39 is present at low 
levels in microspores and connective tissue during stage -1 to +1 
and then at higher levels in the tapetum from stage 1 through 6 

(Goldberg et al 1993). 
5 A genomic library of a selected plant, for instance a 

commercially available library of DNA fragment from W. tabacum, 
var. NK326 (Clontech Laboratories, Inc., Palo Alto, California; 
catalog FL1070D) , partially digested with Htol and cloned into 
the plasmid EMBL-3 , was screened for clones having homology to 
10 cDNA clone TA39. Standard hybridization methods were used, such 
as are described in Sambrook et al., 1989. candidate clones were 
purified by three or more cycles of picking plagues, replating, 
and reprobing with a TA39 cDNA insert, until consistently 
hybridizing plaques were either purified or shown not be present. 
15 Two distinguishable families of genomic tobacco DNA 

clones related to the TA39 cDNA clone were identified, each 
represented by two overlapping clones within each family. One 
clone of each family was selected for detailed characterization, 
designated clones 8B3 (FIG. 24) and 14B1 (FIG. 25). The region 
20 of homology with TA39 in each of these genomic clones, as well as 
the regions immediately upstream and downstream of these regions 
of homology, were mapped by restriction enzyme cleavage analysis 
and DNA hybridization. 

These coding sequences and associated 5- presumptive 
25 regulatory regions were isolated as subclones and then further 
subcloned for sequencing. Thus, nested sets of deletions of each 
genomic clone were produced by using exolll and mung bean 
nucleases supplied in a kit by Stratagene. The nested deletions 
were sequenced by the dideoxy chain termination method of Sanger 
30 with an automated DNA sequencer (Applied Biosystems 373A) at the 
Nucleic Acids Facility of the Iowa State University. The cDNA 
insert of TA39 was also sequenced for comparison. Within the 
region of homology with the TA39 cDNA of a microspore-specif ic 
mRNA, genomic clone 8B3 is completely homologous with TA39, while 
35 the comparable portion of genomic clone 14B1 is about 90% 

homologous with TA39. 

The starting points for transcription of the 14B1 and 8B3 
genomic clones was mapped by primer extension experiments to a 
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single nucleotide, 83 bases upstream of the putative 
trans lational start site. A perfect TATA box appears 31 bp 
upstream of the mapped start of transcription in each clone, and 
a major open reading frame of 110 amino acids is intact 
5 downstream of the start of transcription in both clones (i.e., at 
the position designated "+83" relative to the transcription 
initiation site) . Both clones also have a polyadenylation 
recognition site, 29 bp and 37 bp downstream of a translational 
stop codon in clones 14B1 and 8B3, respectively. 

10 Example 4: Isolation of a DNA Segment Comprising a Microspore- 

Specific Genetic Control Sequence 

Novel cDNA clones suitable for probes may be identified 
by screening of clones for hybridization with an oligonucleotide 
probe comprising a portion of a TA39 sequence, followed by 

15 sequencing of a hybridizing clone to determine the extent of 
identity of its complete sequence with that of cDNA clone TA39. 
For this purpose, stringent hybridization conditions are 
preferred. Although stringent hybridization may be performed for 
the purposes of the present invention according to a variety of 

20 conditions known in the art (e.g., see J. Sambrook, 1989), one 
particular set of stringent hybridization conditions that has 
been used in the isolation of the exemplified control sequences 
comprises allowing about 12 hours of initial hybridization 
reaction at about 65-C in 6 x SSP, 0.1% SDS solution, followed by 

25 washing at about 65°C with 1 x SSC, 0.1% SDS solution and by 

washing at room temperature with 0.2 x SSC, 0.1% SDS solution. 

For cDNA clones having only partial homology with clone 
TA39, such as a cDNA clone isolated from a plant other than 
tobacco, whether the mRNA from which the new cDNA is derived is 

30 a microspore-specific mRNA can be determined by temporal and, 
most precisely, by spatial analyses of expression of that mRNA in 
male flower tissues. See, for instance, analytical methods in 
Kultonow et al. (1990); Domon et al (1990), which disclose 
anther-specific cDNAs from sunflower (Helianthus annuus) ; 

.35 Roberts, et al. (1991), which describes a Brassiea napus mRNA 
said to be expressed specifically in developing microspores; 
Scott, et al. (1991), which describes cDNA libraries made from 
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developing anthers, including isolation of both tapetum-specif ic 
and microspore-specific cDNA clones; and Albani et al. (1990), 
which describes a pollen-specific gene family from Brassica napus 
which is activated during early microspore development. 

The particular form of the probe for a microspore- 
specific mRNA related to clone TA39 encompasses any form of 
polynucleotide, a DNA or RNA molecule, single or double-stranded, 
having the physical properties needed to hybridize with a DNA 
molecule coding for the amino acid sequence encoded by TA39. 
General requirements for effective nucleic acid probes, including 
size, base composition, and extent of homology, are well known 
and described in the art. See, for instance, J- Sambrook et al . , 
(1989). However, a preferred probe, particularly when seeking 
DNA segments having nucleotide sequences that are not identical 
to the probe sequences, is a probe comprising the entire sequence 
of at least one strand of a cDNA derived from a microspore- 
specific mRNA. Such a full length probe provides a better 
opportunity to detect a partially homologous DNA molecule than 
does a probe containing only a portion of an mRNA-derived 
sequence. Thus, any portion of a given mRNA sequence might be 
less conserved in related microspore-specific genes than other 
parts of that mRNA sequence, whether these related genes derive 
from the same plant species from which the mRNA originated or 
from other species. 

The method of isolating a DNA segment comprising a 
microspore-specific genetic control sequence further includes a 
step of isolating one or more fragments of genomic plant DNA that 
hybridize with the above nucleic acid probe under standard 
conditions for stringent hybridization. These fragments may be 
obtained from the same plant species from which the probe-related 
mRNA originated or from another species of angiosperm. 
Particular plants that are suitable for practice of this method 
of isolating microspore-specific gene control sequences of this 
invention include both monocots, particularly cereals such as 
corn, and dicots, for instance Canola and sunflower. 

DNA fragments to be examined for microspore-specific 
control sequences typically are prepared by cloning in a vector 
suitable for such screening of large genomic DNA fragments 
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comprising open reading frames and associated regulatory 
sequences. For instance, preparation and hybridization screening 
of genomic plant DNA libraries may be performed for this purpose 
as described in any of: Albani, et al . , 1991, which describes 
5 genes from Brassica napus; Brown et al., 1990, which discloses 
genes from Oenothera organesis; Guerrero, et al . , 1990, and 
Hamilton et al., 1989, which disclose maize genes; or Twell, et 
al., 1989, which describes an anther -specific gene from tomato. 
Alternatively, a commercially available library of plant genomic 

10 DNA clones may be obtained and screened. 

The nucleotide sequence of any isolated fragment of plant 
genomic DNA that hybridizes with a probe according to this 
invention is established by standard DNA sequencing methods. 
Then this sequence is examined to determine whether it comprises 

15 a first DNA segment that hybridizes with the probe at a sequence 
of the first segment that encodes at least a 5* -end of a complete 
open reading frame. This 5' -end of an open reading frame is 
identified by a translational start codon followed by a sequence 
that contains an open reading frame and hybridizes with the probe 

2 0 of this method. 

A genomic DNA fragment suitable for isolation of 
microspore-specif ic control sequences further includes a second 
DNA segment that comprises a sequence adjacent to the S^end of 
the complete open reading frame which hybridizes with the probe. 
25 In this context, a sequence that is "adjacent to the 5' -end of 

the complete open reading" includes any portion of a sequence 
that is upstream of this open reading frame in a genomic DNA 
fragment of this invention. In general, control sequences that 
regulate expression of an adjacent open reading frame may be 

3 0 located within a few hundred base pairs of this open reading 

frame; but, . in some cases, certain control elements that are 
adjacent to an open reading frame may be located up to several 
kilobases away from that reading frame. In any case, by virtue 
of being adjacent to the microspore-specif ic mRNA-related 
3 5 sequences of a genomic DNA fragment of this invention, the 
sequences of the second segment of such a genomic DNA fragment 
constitutes presumptive microspore-specif ic control sequences. 
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The method of isolating a DNA segment comprising 
mi cro S pore-specif ic control sequences further comprises a step of 
testing each second DNA segment of a genomic DNA fragment for 
induction of microspore-specif ic expression of a DNA sequence 
that is operatively linked to the second DNA segment. This 
testing of segments containing presumptive microspore-specif ic 
control sequences serves to identify DNA segments comprising 
functional microspore-specif ic genetic control sequences that are 
suitable for engineering microspore-specif ic control of 
heterologous sequences in transgenic plants according to the 

present invention. 

Testing of presumptive microspore-specif ic control 
sequences is accomplished by measuring expression of a convenient 
"reporter" sequence that is operatively linked to presumptive 
microspore-specific control sequences in microspores and other 
plant tissues. The general requirement for this reporter 
sequence is that the level of expression of this sequence can be 
readily ascertained in microspores and derivative tissues (e.g., 
pollen), as well as in other tissues (e.g., leaf) wherein 
microspore-specif ic control sequences should not induce 
expression of an operatively linked reporter sequence. 
Examole 5: Testing for Microspore-specif ic Egression of a 
Example 5. JJJ^} Gene tnat is operatively Linked to 

Presumptive Control Sequences of Genomic DNA Clones 
This example illustrates the use of microspore-specif ic 
regulatory regions from, genomic DNA clones to provide microspore- 
specif ic control of expression of a heterologous reporter gene in 
a transient gene expression assay. 

The putative promoters of 8B3 (FIG. 24) and 14B1 (FIG. 
25) were each fused to an open reading frame of a reporter gene 
(uidA) encoding beta-glucuronidase (GUS) , followed by the 3- 
untranslated region of the proteinase II (pinll) gene from 
potato. In one version, comprising a "translational" fusion, 
each promoter was cloned from the beginning of the available 
upstream sequences to the start of translation at nucleotide +83. 
In another variation designated a "transcriptional" fusion, each 
promoter was cloned from the beginning of available upstream 
sequences to just beyond the start of transcription, at 
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nucleotide +4. The latter constructs contained the non- 
translated leader of Tobacco Mosaic Virus (omega •) between the 
promoter and uidA sequences. Translational gene fusions 
analogous to those containing the GUS reporter gene were also 
constructed for another model gene, the firefly luciferase coding 
region. 

The uidA gene fusions were tested in transient expression 
assays on tobacco (cv. Petite Havana) stage 3-4 anther slices 
bombarded by a particle gun with DNA precipitated onto 1.8 »zm 
tungsten beads. See, for instance, Twell et ml.. 1989- Each 
shot contained 0.5 ^g of DNA. Dark blue-staining spots were 
observed on anther slices and in individual microspores, 
indicating that transient expression of the GUS gene had occurred 
in microspores. The source of spots that were observed 
occasionally on the anther surface could not be distinguished as 
to whether they arose from anther cells or stray microspores. 
However, in additional tests with isolated microspores and 
leaves, transient expression was confirmed for uadA and 
luciferase gene fusions in microspores. Transient assays of the 
luciferase constructs in leaf pieces demonstrated that no gene 
expression activity of the microspore-specif ic control sequences 
was observed in leaves, using the most sensitive assay available 
(luciferase-catalyzed luminescence detection). 

EMfflDle 6 . preparation of Genetic constructs for Microspore- 
Example 6. Jj£PJJ ie g^...^ G ff Genes for Insect Control or 

Male Sterility 

This example illustrates genetic engineering methods for 
producing constructs that provide microspore-specif ic gene 
expression of heterologous genes, such as genes that effect 
insect control or male sterility, in transgenic plants. 

To provide constructs for microspore-specif ic expression 
of -genes encoding desired proteins, for instance, a selected 
insect-control gene or male sterility gene, a DNA segment 
comprising microspore-specif ic regulatory sequences of thxs 
invention is operatively linked to a heterologous gene, and to 3 
non-translated sequences, as needed, for providing translatxonal 
and transcriptional control appropriate for the selected 
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Z u e a restriction enzyme cieavage site. Mvantageously th s 
s cieavage site is an »coI site or another site £ 
ligation with an Ncol site, because the sequences of such sites 

--7^^;™: f or :t r:: 

xanthi tobacco transformations were performed at the 10 day 

10 germination stage. 

The constructs are described as follows: 
PPHI3621 (FIG. 4) + P PHI1285 (FIG. 6) [QM, maxze 
sense + BAR] 

PPHI3622 (FIG. 5) + pPHI1285 (FIG. 6) [QM, maize 
1S antisense + BAR] 

" __ P PHI4722 (FIG. 7) + P PHH285 (FIG. 6) [QM, human 

sense + BAR] 

PPHI4723 (FIG. 8) + P PHI1285 (FIG. 6) [QM, human 

sense + BAR] 
20 „ pPHI265 + pPHI1285 [GUS + BAR] 

pPHI1285 [BAR] 

To achieve transformation, . petiole gun bombardment was 
used, a G E Helium gun and 650PSI rupture disKs. One bombardment 
was done per sample, for a total of 0.1 n- „ „„ ,,, 

Tobacco was germinated and observed in vitro on 27J 
medium for 10-14 days before the following steps, one day before 
the experiment, cotyledons and first leaves were cut into halves 
and pUced on sterile filters containing l.Sml of f >. medium + 
0 25 » sorbitol. incubation was done at 28-C in the darK 
30 overnight. t ..f materia! was dissected under liquid medium to 
Prevent desiccation. Eight leaf sections per plate were 
cultured, 5 plates -ere prepared per QM transformed, and 3 

mates were prepared per control transformation. 

plates . P^ all samples were nainta i„ed on the 

35 original filters for 2 days before transferrin, them to selection 

medium 
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After 4 8 hours, tissue was transferred to 52 6+Basta 
(526H) medium, leaving leaf tissue on the filters. Colony 
recovery generally occurred at 2-3 weeks post bombardment. 

After 4 weeks, cotyledons/ colonies were transferred to 
5 528S medium. Plantlets from transformed colonies were cut off of 
the base callus and transferred to 272N medium to allow for root 
formation to occur. When roots were well established, plants 
were transferred to greenhouse for maturing. 

The results were as follows: 
10 126 colonies were recovered from all DNA treatments this 

study. PCR analysis was completed on 50 total colonies by 
randomly sampling 12 from each of the DNA treatments. Data from 
this analysis are shown below: 

DNA Treatment Percent PCR Percent Pla nt Recovery 

15 pPHI3621/pPHI1285 90% 14.3% 

pPHI3622/pPHI1285 62.5% 20% 

pPHI4722/pPHI1285 66.7% 16.6% 

pPHI4723/pPHI1285 75% 28.6% 

pPHI265/pPHI1285 100% 100% 

2 0 Differences in growth rates were observed at 6 weeks 

post-bombardment. The observation most notable was that colonies 
recovered from transformations with pPHI3621/pPHI1285 and 
PPHI3622/1285 showed established colony death, especially from 
the pPHI3622/pPHI1285 treatment. No noticeable differences in 

2 5 growth were noted for the other transformations when compared to 

the control, pPHI265/pPHI1285 colonies • 

Example 7: Stable BMS Transformation to Evaluate the Effect 
and Expression of QM Gene in Sense and Antisense 
Orientation and in the GRP/GRE Inducible Gene 

3 o System 

The genotype used was BMS P-38 in maize suspensions. 
DNA constructs were: 

PPHI4719 (FIG. 9) + pPHI1285 (FIG. 6) [35S-QM 
sense + 35S-BAR] 

35 pPHI4720 (FIG. 10) + pPHI1285 (FIG, 6) [35S-QM antisense 

+ 35S-BAR] 
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Particle gun bombardment was used (a GE helium gun, and 650PSI 
ruptured disks) . One bombardment was done per sample. 

One day after subculture, liquid was vacuumed off the 
cells and 2 grams of material was resuspended in 20ml 237 + 0.25M 
sorbitol medium. Cells were incubated at 28 °C on shaker 
apparatus for 2-4 hours. 

0.5ml of cells were plated onto double layers of Whatman 
filters moistened with 1.5ml 237 + 0.25M sorbitol medium. The 
cell density per plate was about 50mg. 

6 samples were completed for each DNA treatment, 
including 2 samples as unshot controls. 

Following bombardment, filters with cells were 
transferred to 115 medium and returned to the dark at 28 °C for 48 
hours. 

Cells were transferred to 306E selection medium after 48 
hours by scraping the cells off the filter, resuspending them in 
2ml of 237 medium, and plating them in 1 ml per plate for each 
sample. 

Colony recovery was monitored. When a colony was 
identified, it was separated from the others to maintain 
identity. 

Induction assays may be performed after PCR analyses 
confirms presence of genes in transgenic colonies. 

While colony recovery occurred from all transformations 
in this example, the majority of recovery came from the pPHH285 
positive control treatment. Data for colony recovery are shown 
below: 



DNA Treatment 




*N Colonies Recovered 


pPHI4719/pPHI1285 


9 


3 


pPHI4720/pPHI1285 


11 


4 


PPHI1285 


11 


44 


*N denotes the number 


of samples bombarded per DNA treatment. 



Both the 35S sense and antisense constructs for the QM 
gene were toxic to BMS colony recovery. 
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Example 8: Using a Maize Tapetum Specific Promoter for 
Transformation 

Experiment Protocols 
Repetiti on i. 2. and 5; 

Goal: Recover transgenic colonies, plants and progeny of maize 
resistant to Basta/Bialaphos and expressing GUS driven by the 
tapetum specific SGB6gl promoter. 

Genotype: 54-68-5 Bl-1 (Repetition 1) or 54-68-5 161F3 
(Repetition 2) 54-68-5 161F4 (Repetition 5) 

Medium: 237 liquid suspension medium for maize 

115, callus maintenance medium for maize 

115E, callus selection medium containing 5mg/L 
Basta 

115B, callus selection medium containing 3mg/L 
15 Bialaphos 

Tissue Treatment: 

-Sieve cells through 710um mesh one day after 

subculture 

-Resuspend in 237+3% PEG at 50mg/ml plate density 
20 -incubate in 3% PEG overnight 

-Plate cells, 0.5ml/plate onto glass filters 934-AH 
atop a Whatman filter moistened with lml 237+3% PEG 
medium 

-Transfer cells on glass filter to 115 medium 

25 following bombardment 

Particle gun bombardment: 

DuPont helium gun (Repetitions 1 and 5) 
650 PSI rupture disks (Repetitions 1 and 5) 
DuPont PDS-1000 gun (Repetition 2) 

30 0.230" stopping plates, Acetyl macroprojectiles 

(Repetition 2) 

One bombardment per sample (Repetitions 1 and 5) 
Two bombardments per sample (Repetition 2) 
Pioneer tungsten modified DNA protocols, specific 
35 to each gun 

DNA: 

pPHI687 (FIG. 11) + PPHI610 (FIG. 12) 



WO 94/21804 



- 28 - 



PCT/US94/02161 



PPHI460 (FIG. 13) + PPHI610 (FIG. 12) 
PPHI1952 (FIG. 14) + pPHI610 (FIG. 12) 
PPHI2125 (FIG. 15) + P PHI610 (FIG. 12) 
Treatment/Assay following bombardment: 
5 -Look for R gene expression 24-48 hours post 

bombardment 

-Transfer samples to 115E (repetitions 1) 48 hours 
post bombardment. Transfer samples to 115B 
(repetition 2 and 5) 7 days post bombardment 
l0 -Transfer cells off filters 2 weeks following 

transfer to selection 

-PGR assay colonies for reporter gene prior to 
plant regeneration 

-Maintain samples at 28 «C in the dark 

15 Re petiti on It 

PGR assays were completed on 16 independent colonies recovered on 
5mg/L Basta selection. One colony, #9 plate ICS. 

P PHI610 +P PHI2125 was PGR positive for GUS ( P PHI2125) . All 
colonies were Type I phenotypes -however , the nonselected 
,0 positive control also became a Type I phenotype. This phenotype 
tends to be common in the 54-68-5 Bl-1 line. After 12 weeks on 
5mg/L Basta selection, all PGR negative colonies were discarded 
along with all remaining nonembryogenic tissue. colony 2 from 
Sample #9 plate 1 was transferred to 288E (Regeneration medium + 
25 5mg/L Basta) . Eight colonies remained to be PGR assayed for the 
presence of the GUS gene. Of these eight colonies, three were 
PGR positive for GUS from either the translational fusion 
(DPHI2125) or the transcriptional fusion ( P PHI1952) . 
Po pAtition 5: 

30 PGR assays were completed on nine independent colonies recovered 
on 3mg/L Bialaphos selection. All colonies were PGR positive for 
the GUS gene, indicating the presence of either P PHI2125 or 
PPHIM52. Gene controls used in this experiment ( P PHI460) have 
yielded 9 stable transforms, all of which have areas that 
stain blue in a GUS cytochemical assay. Growth was much faster 
in the gene controls than in the transgenics recovered from the 
SGB6gl:GUS constructs. 



35 
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After 12 weeks under selection pressure, only fast growing, 
embryogenic colonies were kept-all other material was discarded, 
colonies testing PCR positive were transferred to regeneration 
medium for plant recovery. Basta enzyme assays were completed on 
a portion of the colonies. Results shown do not indicate a high 
degree of transgenics actively showing resistance to Basta. From 
previous work and other researchers' experiences with this assay, 
a more reliable measure of transformation is determining whether 
the cell morphology of the recovered colonies closely resembles 
that of the nonselected controls, and comparing the rate of 
growth the recovered colonies exhibit. 

Example 9: construction of Plasmids Containing The Maize QM 
Gene 

Plasmid pPHI362l (FIGURE 4) which expresses the QM gene 
in the sense orientation was constructed using pPHI1527 as one 
parent. pPHI1527 (FIGURE 16) contains the plasmid pUC18 as the 
backbone (Yanisch-Perron et al. f 1985) which contains the 
restriction sites necessary for cloning and the ampicillin 
resistance gene as a selectable marker. It also contains the 
cauliflower mosaic virus (CaMV) 35S promoter and enhancer 
sequences (Gardner, et al. 1981) the tobacco mosaic virus leader 
sequences, O' (Gallie et al., 1987), the firefly luciferase 
reporter gene (Ow, et al. 1986) and the Pinll transcription 
terminator sequences (Hynheung, et al. 1989). 

The second parent of pPHI3621 was pPHI3620, which 
contained the maize QM gene in pBluescript KS (FIGURE 17). 
PPHI3621 was generated by digestion of both pPHI3620 and pPHI1527 
with Ncol and Kpnl and isolation of the insert band from pPHI3620 
and the larger plasmid band from pPHI1527 on low melting point 
(LMP) agarose gels. This strategy replaced the luciferase gene 
with the maize QM gene. The bands were pooled and ligated to 

form- pPHI362l. 

pPHI3622 (FIGURE 5) , which expresses the antisense of the 
maize QM gene was also constructed using pPHI1527 and P PHI3620 as 
parents, but by digestion of both with Sail and Sad. The insert 
band from pPHI3620 and the larger plasmid band from pPHI1527 were 
isolated from LMP agarose gels; the fragments were pooled and 
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ligated. Again, this procedure replaced the lucif erase gene with 
the maize QM gene in an antisense orientation. 

Tissue specific expression vectors were constructed in 
the same manner except that the CaMV constitutive promoter was 
replaced with the TA39 anther specific promoters, 14B1 and 8B3 
(Garnaat et ah, 1991). pPHI1493 (FIGURE 18) containing the 14B1 
promoter was digested with Ncol and Nsil as was pPHI3621 (parent 
2). The small insert band from pPHI362X and the larger plasmid 
band were isolated by LMP agarose gel electrophoresis, were 
pooled and ligated. This yielded pPHI4745 (FIGURE 19) which 
contained the maize QM gene in the sense orientation with the 
14B1 promoter. The maize QM antisense construct was made by 
digestion of pPHI4745 with Smal and Nsil and digestion of 
PPHI3622 with Sail (which was filled in with Klenow fragment) and 
Nsil. The large plasmid band from pPHI4745 and the insert band 
from pPHI3622 were isolated by LMP gel, pooled and ligated. This 
yielded the plasmid L62 (TA39 14B1) (FIGURE 20). 

The expression vectors containing the 8B3 anther specific 
promoter were constructed by digestion of pPHI4855 (FIGURE 21) 
with BamHI and Notl. pPHI4855 contained all of the above 
described sequences with the additional sequences encoding the &- 
glucuronidase gene (Walden and Schell, 1990). The other parent, 
PPHI4745 was also digested with BamHI and Notl. The large 
plasmid band from the pPHI4855 and the insert band from pPHI4745 
were purified from LMP agarose, pooled and ligated. The 
resulting plasmid, L59 (FIGURE 22) contained the maize QM in the 
sense orientation driven by the anther specific promoter 8B3. 
The antisense construct was made by digestion of pPHI4855 with 
Smal and Nsil and pPHI3622 With Sail (then filled in with Klenow 
fragment) and Nsil. The large plasmid band from pPHI4855 and the 
insert band from pPHI3622 were isolated from LMP agarose gel, 
pooled and ligated. This gave L61 (FIGURE 23) the antisense 
orientation of the maize QM gene under control of the 8B3 
promoter . 
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Male Sterile Tobacco Plants by 
Example 10: gJjSSSUiSS wlS . » Sense and Antisense 

Tobacco leaf explanta were co-bombarded with 35S::BAR 
(PPHI1285) and one of the following plasmids: 
rr«, TA39(8B3):QM 
L59. TA39 (8B3) tantisense QM 

L6X * TA39(14B1) :antisense QM 

J" J. TA39(14B1):QM 

A BioRad helium biolistics gun (DuPont) was used to 

tobacco leaf explants. The BAR gene was used as a selectable 

marKer to determine which cells received the plasms 

A tobacco anther promoter (TA39, was used n al four 
pl asmids. This is a tapetum specific promoter. -.B3- and -14B1 
were isolates of TA39 ^ ^ L61 

The L59 plasmid (FIGURE 

i-hai- the L59 plasmid included a QM 
i-.iac5Ti.id f FIGURE 23) except that tne y± 

plasmid ' oiasmid included an antisense 

sense gene from maize, and the L61 plasmia in 

gene to the maize QM gene. n PHl474 5 

The L62 plasmid (FIGURE 20) is identical to the pPHI4745 
ge „e except that the P PHI474 5 plasmid included . QM sense . gene 
from maize, and the L62 plasmid included an antisense gene to 

mai " "aT:; Punch was made in sections of the explant that 
showed incorporation of the BAR gene. ^ P^"^^ 
reaction (PerKin-Elmer) , well-Known to those of sKill 
was used to amplify the maize QM gene incorporated in the tobacco 

CellS * PCR + cells were selected from bialophos resistant calli 
and used to regenerate tobacco plants (See Example 1) . 

Fertility of the regenerated plants was determined by 
checKing for 1) pollen shed; and the ability to 
rn all cases of male sterile plants shown below, both criteria 
In all cases or ste rile plants were from cells 

„ „«_ A< - can be seen, male sterns 
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maize QM gene. A likely expiana t tne QM 

My „e . disruptive «t«t in a «b,cco ^ developmcnt . 

T ne ma" « cr ucial time in development, 

tobacco QM gene, turning xt off at tobacco 

Analysis of the QM nucleotide sequences of the to 
and the corn'gene suggests there may he sufficient homology t at 
the antisense product directed to one gene, may 
other . 

Fertility of Plants Regenerated from 
Bialophos Resistant callus 



Plasmid 



Total Number 
of Plants 



Number of 
Male Sterile 
_ T |B n Plants _ 



L61 
L62 

pPHI4745 



2 
9 
12 



0 
3 
6 
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Materials and Methods 
ngF OF QM r.PMP. TN SENS^ OSIEmTISlj: The nucleotide 
segment of the QM gene isolated fro. -i.. or other 
is fused at its upstream (5-) end to a propter whxch allows 
5 expression of the sense strand in a particular target plant cell 
and is fused at its downstream (,«, end to suitable «^ 
terminator and polyadenylation signals Known to function xn that 
cell. Preferred promoters include those that are known to dxrect 
expression in the desired target cell, whxch -eludes 
expression xn promoter 
10 "constitutive- promoters such as 35S from canv 

... ».v, = 4- ,« known to direct expression in a 

from the ubiquitxn gene that are known to 

wide variety of plant cell types. 35S is likely 
expression in both monocots such as corn and dxcots such as 
tobacco and canola. However, the ubiquitin promoter for tobacco 
15 preferably is derived from a dicot source. The ubxguitxn 
promoter for use in monocots such as corn preferably is derxved 
from a monocot source. Other suitable promoters include those 
which are known to be inducible under specific condxtxons such 
as in response to particular chemical treatments for example, an 

20 ^^^erminator/polyadenylation signals include those that are 
known to function in the target cell of 

signals from genes such as pinll (proteinase xnhxbxtor II from 
potato) or T-DNA genes such as DCS or NOS, which are . know to 
,5 function in a wide variety of plant cell types, xncludxng those 
of dicots and monocots such as corn. When the target cell xs 
from a monocot like corn, it is preferred, but not necessarxly 
required, that an intron from a monocot gene be inserted between 
the promoter and the QM gene. Examples would be an xntron (such 
30 as intron 1 or 6) from the Adhl gene of corn. 

in an illustrative embodiment, the nucleotide segment of 
the QM gene is fused at its upstream (5-) end to a promoter whxch 
is kn-own to be specific for, or show a strong preferen ce . for 
expression in, a tissue or cell that is crxtxeal *orpoll« 
35 development. The anther is an example of such a tissue A 
tapetax cell or developing microspore is an example of a suitable 
cell The segment is fused at its downstream (3-) end to 
suitable transcription terminator and polyadenylation signals 
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a» cell. Preferred promoters would 

also Known to func « obac „, , nd the promoter Bp« 

be SGB6 for maize and taj* l» uu 

of clone L4 (from 8. napus, HO 90/08828) for moots. 

fn ™ of the QH gene is fused at its upstream (5') end to a 
oter ^ ejects session in a ^ ^ = , , an 
111 and is fused at its downstream O') end to suitable 
^riptJn terminator and polyadenylation signal. ^ ~ 
* i„ i-hat cell An embodiment of a target cell in tms 

: s reel" Tn J" h - OH gene or . gene highly homologous 

the Q.M gene is. Known to be expressed so that ^ ™ 
worKs effectively. Preferred promoters encompass those th t are 
Known to direct expression in the desired target cell sulta le 
candidates include "constitutive" promoters such as 35S f rom CaMV 
and the promoter from th. ubiguitin gene that are Known to direc 
expression in a wide variety of plant eel! 

expected to express in both monocots such as com and dicots such 
as tobacco and canola. However, the ubiguitin promoter for 
tobacco is preferably from , dicot source and the ub X - > 
promoter for use in monocots such as corn is preferably from a 
lonocot -urce. other preferred promoters include those whi h 
are Known to be inducible under specific conditions, such as in 
response to a particular chemical treatment for example a 
herblciae It is preferred that the antisense construct include 
Z entire 0 « gene' or at least several hundred nucleotides from 

5 ' ^ ^ ^nucleotide segment of the antisense form of the 
q„ gene is fused at its upstream (5'. end to a promoter which is 
! V, be specific for, or show a strong preference for 
Known to be specific , .« poll-, development, 

expression ' ^ t . ssue u the anther . A „ example of a 

ruitaTcen IsTtapetal cell or a ^^^Z 

' i« fused at its downstream (3 ) ena 

t^ript^terminator and polyade.lation ^ -™ 
to function in the eel! or tissu^ ■ Z the « V- * 

which the QH gen. or a gene highly homol , ^ ^ 

Known to direct expression so that 
effectively. 
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IBM S £ o^ ft TTO N METHODS: Transformation methods for dice*, 
include a number of different well-known methods for direct DNA 

^ i~ article biolistics bombardment or leaf 
delivery. Preferred is particle Diou&tx 

explants. Other methods include A aroi>acterium ^TZlstT 
explants; ^acteriu, cocultivation of P™^ 1 ^ 
electroporation; PEG uptake or other direct DNA delivery into 
protoplasts. and the like. A preferred method for monocots such 
as corn is delivery of DNA to the treated cells by bombardment, 
but other methods such as electroporation can also be used. 

Cells of a plant are transformed with the foreign DNA 
sequence of this invention in a conventional manner. If the 
plant to be transformed is susceptible to Agrobacterium 
infections, it is preferred to use a vector containing the 
foreign DNA sequence, which is a disarmed Ti-plasmid . The 
transformation can be carried out using procedures described, for 
example, in EP 0 116 718 and EP 0 270 822. Preferred Ti-plasmid 
vectors contain the foreign DNA sequence between the border 
sequences, or at least located upstream of the right border 
sequence. Other types of vectors can be used for transforming 
the plant cell, using procedures such as direct gene transfer 
(see, for instance, EP 0 237 356, PCT publication WO/85/01856 and 
EP o 275 069) ; in vitro protoplast transformation as desc ribed 
for example, in U.S. patent No. 4,684,611; plant virus-mediated 
transformation as taught in EP 0 067 553 and U.S. patent No. 
4 407,956, for example; and liposome-mediated transformation as 
described in U.S. patent No. 4,536,475, among others. 

If the plant to be transformed is corn, recently 
developed transf oration methods are suitable such as the methods 
described for certain lines of corn by From* et al., 1990, and 

Gordon-Kamm et al., 1990. 

If the plant to be transformed is rice, recently 
developed transformation methods can be used such as the methods 
described for certain lines of rice by Shimamoto et al 1990 
Datta et al., 1990, Christou et al., 1991, and Lee et al., 1991. 

If the plant to be transformed is wheat, a method 
analogous to those described above for corn or rice can be used. 
Preferably for the transformation of a monocotyledonous plant 
particularly a cereal such as rice, corn or wheat, a method of 
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fc «ich as a method of biolistic transformation 

di rect OKA tranter, uch as ^ ^ ^ 

or t ; : c t: P z^z****** «- DNA that is 

into the plant genome. In this regara, 

bacterial host organism, it is preferre , nlasmid 

. a n1ant with the DNA sequence, plasmia 

organism, such as on origin of replication, « J^£ C 
resistance gene for selection of the host ^'J^ 
be separated from the parts of the plasmid that contain 

foreign DNA sequence. _ fpWffTrT . W bioUSCI S 



™fSS-^on of TVWWWKUmi 

„~ ^g 1.8 tung^: put into 15ml centrifuge tube 
Ad d 2-1 0.1M HnO,: Sonicate on ice for 20 minutes 
Withdraw HN0 3 : Add 1 ml sterile deionized water and transfer 
sample to a 2ml Sarstedt tube. Sonicate briefly 
Centrifuge to pellet particles 

Withdraw H 2 0: Add 1ml 100% EtOH - Sonicate briefly 
centrifuge to pellet particles 

Withdraw H 3 0: Add 1.1 100% EtOH - Sonicate briefly 

Centrifuge to pellet particles Sonica te 

Withdraw EtOH. Add 1ml sterile deionized water. Sonicate. 

Pipet 250^1 of suspension into 4, 2ml tubes. 

Add 750|il of sterile deionized H 2 0 to each tube. 

Freez e tungsten sample between use 

Pipet sopl tungsten/H 2 0 suspension into 1.5ml tu 

first) 

Add lOfig DNA, Mix 

Add -50>il 2.5M CaClj. Mix 

Add 20nl 0.1M spermidine. Mix 

• ^ w ri pflv centrifuge for 10 seconds at 10,000 RPn. 
Sonicate briefly. Centri g 

Withdraw supernatant. Aaa 

Centrifuge at 10,000 RPM for 10 seconds 

Withdraw supernatant. Add 60ftl 100% EtOH. 
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n^L T' ™™ TRANSFORMATION TO _RECOYER 

flaMjjBM fBGBKIC PLANT S m) . 

Day - 1 Cells are placed in liquid media and sieve i , 
X00-200 mg of cells are collected on 5.5 cm glass fiber 
filter over an area of 3.5 cm. Cells are transferred to 
media and incubated overnight. 
Day - 8 Filter and cells are removed from media, dried and 

bombarded. Filter and cells are placed back on media. 
Day - 5 cells on the filter are transferred to selection media 

(3 mg bialophos) . 
Day . 12 cells on the filter are transferred to fresh 

selection media. 

Dav - 19 cells are scraped from the filter and dispersed m 
5 ml of selection media containing 8.6% low melting 
point sea agarose. Cells and media ate spread ov*r 
the surface of two 100mm x 15mm plates containing 
20 ml of gel-rite solidified media. 

Day - 40 Putative transf ormants are picked from plate. 

Day - 61 Plates are checked for new colonies. 

pma ANALYSIS : „„ on 
^1 cellular ml was prepared from B73 seedlings seven 

days £ ollowing planting by the protocol of Chomczynski and sacchi 
,»87>. Poly <*)♦ ■»» was purified fro. leaf homogenates using 
the PolyAtract 1000 system (Promeg.) . Northern blots were done 
as previously described (Thomas, 1980) . 

" p rl „er extension mapping of the RMA 5 ' termini followed 

the method of HcKnight (1962). Oligonucleotides used 
extension reactions were >• and labeled 3 2 -»er and ««~ 
homologous to the TA39 cDNA from the last nucleotide of the start 
codon to 31 nucleotides and from 79 and 12. nucleotides 
oownstream of the start codon, respectively. » was isolated 
TZ tobacco anthers using the guinidinum 

procedure of ChomcynsKi and Sacchi (1987, and purified using 

oligo dT column. 

^^site directs mutagenesis ,su and El-Gewely, 198S, was 
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i 5.CTAATTCCACCATGGCTTTTCTTGC3- or a PstI site 5 

oligonucleotide 5 CTAA ^ transcription with the 

bases aownstrea, 

oligonucleotide GTTTATGTTTT ^ ^ 

For uidA reporter constructs, 5 * 
**. m __t site to the uidA reading frame with a 3 
fuS ed at the Ncol sit to ^ .^.^ gene of 

transcript processing "^ l J r ^ the ^ untran slated 

potato (PI-ID , or fused at the PstI si ^ 
leader n'. uidA reading frame and PI II. 

constructs with n- were inserted into , * 'J^™, in 

pALLTKRep . pALLTKRep differs from P™ 1 ^^^. ^ 

that the CaMC 35S promoter driving the NPTII ^ 

inst ead of the nopaline p oX L the uidA 

which contains the tomato pollen specif P Qf ^ 

reporter gene, was kindly provided by Dr. Sheila M 

USDA-ARS Plant Gene Expression Center, Albany, CA 

The lcf reporter plasmids were created by fusing 
The lcf "P nomic clones a t the Ncol 

flanking regions of LAT52 or tne y 
site to the firefly luciferase gene with PI-H • 
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WHAT IS CLAIMED IS : 

1. An isolated polynucleotide molecule that encodes a 
developmental protein in a plant and that is capable of 
hybridizing to a mammalian QM gene. 

2. A cDNA that consists essentially of 800-950 
nucleotides, including a single open reading frame for a 
polypeptide that is homologous to the QM protein in mammals. 

3. The cDNA of claim 2, wherein said open reading frame 
comprises three coding regions that respectively display a high 
degree of homology to corresponding regions which are 
characteristic of mammalian QM genes. 

4. The cDNA of claim 2, wherein said polypeptide 
displays at least 50% homology with a mammalian in QM protein. 

5. The cDNA of claim 3, wherein said conserved regions 
comprise nucleotide sequences at positions 30 to 100, 210 to 250, 
and 3 3 0-400, respectively, in relation to the N-terminal end of 
said cDNA. 

6. The cDNA of claim 2, wherein the sequence of said 
nucleotides is according to FIGURE 1. 

7. An isolated and purified protein having an 
estimated molecular weight of approximately 25 kD P an amino acid 
sequence which has a homology to the amino acid sequence of the 
QM protein in humans, a first, second and a third conserved amino 
acid sequence region, and a PI of approximately 11.0. 

8. The protein of claim 7, wherein the first conserved 
region is a sequence including the first 10 amino acids of the 
amino terminus, the second conserved region is an amino acid 
sequence including approximately residues 51 to 60, said 
sequence forming an amphipathic helix and the third region 
includes residues 98-135. 
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9. The protein of claim 7, further defined as 
characterized by the amino acid sequence according to FIGURE 2. 

10. A recombinant DNA molecule comprising the cDNA of 
claim 2 and a promoter capable of regulating transcription of 
said DNA in a plant cell. 

11. The recombinant DNA molecule of claim 10, wherein 
the promoter is a tissue-specific promoter. 

12. The recombinant DNA molecule of claim 11, wherein 
the promoter is the QM maize promoter. 

13. The recombinant DNA molecule of claim 10, wherein 
the promoter is a cell-specific promoter. 

14 . The recombinant DNA molecule of claim 11 or 12, 
wherein the tissue or cell is crucial to the production of 
pollen. 

15. The recombinant DNA molecule of claim 11, wherein 
the tissue is anther tissue. 

16. The recombinant DNA molecule of claims 12, wherein 
said cell-specific promoter is expressed in a tapetal cell. 

17. The recombinant DNA molecule of claim 10, wherein 
the promoter causes overexpression of the cDNA. 

18. The recombinant DNA molecule of claim 10, wherein 
the promoter is an inducible promoter. 

19. An isolated DNA molecule, the RNA transcript of 
which is complementary to the transcript of a cDNA according to 
claim 2. 
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20. A method of producing a male sterile plant, said 
method comprising transforming a plant cell with the recombinant 

molecule of claim 10. 

21. A method of altering the normal development of a 
plant comprising transforming the plant with the recombinant 

molecule of claim 10. 

22. A transgenic plant including the recombinant 

molecule of claim 10. 

23. A promoter isolated from maize that controls the 

expression of the QH gene in plants. 

24. The promoter of claim 23, according to the 
nucleotide sequence of FIGURE 3. 
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FIG IB 



Met Gly Arg Arg Pro Ala Arg Cyo Tyr Arg Gin lie Lya Aan Lye Pro 
15 10 I 5 

CyB Pro Lyo Ser Arg Tyr Cyo Arg Gly Val Pro Asp Pro Lye lie Arg 

20 ^5 30 

He Tyr Asp Val Gly Met Lye Arg Lya Gly Val Asp Glu Phe Pro Tyr 
35 40 45 

Cys Val His Leu Val Ser Trp Glu Arg Glu Abu Val- Ser Ser Glu Ala 
50 55 60 

Leu Glu Ala Ala Arg He Val Cys Aan Lya Tyr Met Thr Lya Ser Ala 
65 70 75 80 

Gly Lys Asp Ala Phe His Leu Arg Val Arg Val His Pro Phe His Val 

85 90 95 

Leu Arg He Asn Lya Met Leu Ser Cya Ala Gly Ala Asp Arg Leu Gin 
100 105 110 

Thr Glv Met Arg Gly Ala Phe Gly Lya Pro Gin Gly Thr Cys Ala Arg 
115 120 125 

Val Asp He Gly Gin Val Leu Leu Ser Val Arg Cys Lya Asp Aen Asn 
130 135 140 

Ala Ala His Ala Ser Glu Ala Lou Arg Arg Ala Lys Phe Lye Phe Pro 
145 150 155 160 

Ala Arg Gin Lys He He Glu Ser Arg Lys Trp Gly Phe Thr Lya Phe 
165 170 175 

Ser Arg Ala Asp Tyr Leu Lys Tyr Lya Ser Glu Gly Arg He Val Pro 
* 180 185 190 

Asp Gly Val Asn Ala Lys Leu Leu Ala Asn His Gly Arg Leu Glu Lya 
* 195 200 205 

Ara Ala Pro Gly Lys Ala Phe Leu Aap Ala Val Ala 
210 215 220 
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FIG. 3 



GCCGGCGCCGA CCGTTGAAAG 

CTCCGCGAGC TTCTCCACCA GACCAGACGA CGAGCCCGCG NCGTCCGACA 
TGTCACGCGC GGGACTCTCT AGGTTTCGTT GTGAGGGGGC GAGCGCGGTG 
AGTGTGGACT GTGGAGGCGC AGGTGTGATG GTAGTAGAGT GGTAGGGTTT 
TAGGGCAGCT CGTGGTGGCG CGGAGGAAAG GAAAACCGTC GTAGCCGACA 
AGCCATCTGA TCCCCACGGC CACGGCATCA ACATGGGCTT GACCTTTTTG 
GCCCGTGAGA ACTTAACAAC CCTGTTTGAG TGTTTTGATG TGGACAACGT 
GGGCTCAGCC CAACACGGCC CTGCTTATTG ATTTTTTTCA GTGTCCAGCT 
CGAGTGGCCG AGTGCCGGGG AGAGGAGGCG GCGGCGGCAA GGGCGCGACG 
GGGGAGGATG ATGTCGCTGC AGCCTGCAGG AGTTGTGTTC TCTGGCCTTG 
AGAGAAAGGA GTCGCCAATT TTAGTGGGCT CCTGTTGTGT TTTTCGGTCC 
ATTCCTCCCA AGGCCCAGCA TCTGCCAGTC GCATGCCGTG ACGCACAAAA 
CCCACGGCGG CACGGCTCCA TTCCGCGTCC GCACTCTCTA TATAAAGTGT 
CCCTCTCTTC CCTCCAAGCC CTAGACGCAC CCCTTCCTCG TTTCGCCGCC 
TCCGCCGACA CCGACTGCCT ACCTCAGCTG CCGTCGCCAT GGGCAGAAGT 
AAGTTCGCCT TTTTGATTAA CCTCCTTCGT ACGCTTCCTA CTGCGTTGAT 
TGTTGCAGTC CATAGGGTAC TTTCTTTTAG TCCGGCGCAA ATTTCGACTA 
GATCCACACG AAATCGGGTA TATGCTTTTG ATGATCCCGG GGTTCTTACT 
GTCCACGGGC TTAATATTTG ATGTTTGTTT GCTGAGTTGA TGATTTGTGG 
AACTCGCAAA GTTGTTACGT ATTATCGTAT AAAGAAGAGA ATGGCTGGGA 
CCTGGGGGAT TTGGTACCAT ATATTCACAT TTCCTGTGTA TAAAGTCAAC 
ACGCTCATAA TTTAGAATCC GTGTAGACCT TTATCTGTCA AAAAAGGGGA 
GTATTAGTCA TATT CCATGG 

N c o I 
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FIG. 24A 



1 GTCGACCTGC AGGTCAACGG ATCGTTACAT AAACTGACAC ATTTCATCGT 
51 TATGTAACGA CAGATTTAAC GATACGATAC AATAAAATTT AAGTAACAAT 
101 SIaISaAC ATTGTATTTA AAGTAACAAT ACGATATGAT ACAATGGGTA 

^ acISccatcc AAACAAGCTG TAACAGAAAA cccaaaagtt ccttccattt 
201 tctctttaat ccatcaaatt agttcacatt cccctttata taaactcaag 
III aaSISaIg caacttcaaa ttcatattct acgatggcca ttcttgcaaa 
301 AACTTCACCA attcattctc tatctttggt ttttctcctt gttgcattca 
351 ^aatcca ccatgcccaa agccaaaata ttgggctatg tgtcatcaat 
401 tSg^aac aagcaatcac ttgtgtcatc cgttgcggtc cgccacctcc 
III Itcggttact tgctatcaag gttgcgcgac tagtggtatc ggttgtctga 
501 cctcctgtct cacaccagct acgccaccac caaccacccc atcagcgcca 
551 atgatcttgg acatggggaa agatatcatt tagggagtga atgcgagctt 

601 CAAATACTTG TTGTCTTGAC TCAAAATATA TATAATTGAA AACTCCTTAT 
651 ATTTTTATAT ATTAGCACCA TCTTCACATG GTGTAGTAAT ATTAGTTATT 
VO^cIIgTTAA TATTCTGAAT CCGCCTCtCG TTATGAATAA ATAAAGCTTG 
751 ATGTAGATAT TTGAGAGGCT TTTGTTATAA TAGTGTTAGC TTGCATGTTT 
801 GAACTTTGAA CTCTTGTATG GGAGGGTTGT AATGATTGGG CTGATATGAG 
111 a^gtactgg GCGAACTGCA CCAATAGCCA CTTTTAAGTT TGCTATAAAA 
Hi AATGTATTCA TAATTTATAA TGTATTTAAA GATTAGCCAA TTCGTCTAAA 
Hi OT^GGACT AAATATATAT CCTGAATTTT TGAGCTGCTA ATTTGAAATT 
10oi cIl^CTAAG TGTCCTAAAT TTTTGAACTG CTAATTTAAG ATTCAGGACA 
llll TAAGATTCGA ATTTCTGGAC ACGATTTTCG AACTTTAGGA CACGATGTCC 
Hoi TGAAGTTTGA ACTTTGAGGT TTAAACTTTA GGACGTCATG CCCTAAAATT 
TGAGTAAATT AGTTAATCTT TAAATATATT ATAAAGTATA AATACATTTT 
ilol IStaa^a^ CTTAAAAGTG ACTACCCGCT ATAATTTCTA CGAAGGCCCT 
llll gcg^aIatta GTATCATGTA GCTTTTGTTG AACTCTTCGC atacattcaa 
i3ol ot^Iac caagtttatt ctttgggtat ataaagtggt ccactattta 
13 i atatS aatataattg taaattgaat ttcaattttt cttttttatt 
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FIG. 24B 



1401 TAGTCAAAGT ACTTTATACT TATGTACTTG ACGTCATAGC GAGTTTTGTG 
1451 CTATTTTTCC CTTTAGCAAA GTACTTCAAT TTCACATATT TGAACCTAAG 
1501 ACTCAATTTT CTCTAGTTAA AAAGAACCGA ACTAAAAAAA ATTCTCATTT 
llll tatSacgaa TAATTTTACT TTTCCCTTTA AGAGAACCAA CAAAACATGC 
SSSSSt TTAGGTAACG tttctaaact tactaaatca tataaatctc 

iSl SJcSSSo GATTTTAGCA TAACAATATG TTAATAATAT GTTTTGTGAA 
1701 AAATTCTGTA TACGCCATTG TTCGGGCCAG AGTTTTGAAT CATAACGCGG 
1751 GCCAAGAAAA CGTGCACCAA TTCCAGGCCG ACAAAAAATA AAGTTTCTTG 
1801 AAAGAAAAAA TAATAATGTA TAGTTGCTCT CAAAATAATA GCCGAAAAAA 
1851 TATATTTTTG TATGTATACA AGAAATATAC AAATTTCATA CACTTTTTCG 

llli gcSaat ATAAAAACTT TCAGCCGCGA gctaaatatg atctttgccg 

1951 TTGTTAAAAT TGGTCAAATT ACTATAAACA AAGTCCAAAA GATAATAATA 
2001 ATTCAACCCC TTTTATCCGT AATGGTGAGT AACCCTCACG AATTATATTC 
2051 AAATGGGATT GCCGTTCAAC AAGAATAGTT CACATCTTTT GTATGAACAA 
2101 AGTTGTCCAT AACAGCAAAA ACTCTTTTCT ACACCCCCCC CCCCCCaccC 
2151 CCACCTCCCT ATATAATGTC ACGTCAAGTT TATGTTTTCG TATCATTTTC 
2201 TTGAAAAGAT ATTATATCAT CATAGAAGCA TCAAGTGATA AGGCAACGGA 
2251 TTTTGGACCC ACTAATTCCA ATATGGCTTT TCTTGCAACA ACTTCACCAA 
2301 TTCATGTTTT AGCTTTGCTT TTGCTTATTT TTGCATCTAC CAAAATCCAC 
2351 CATGCTCAAG GTAAATCAAT TACAGGGCCA TGTGTGGTTG CTTGTAGCAA 
2401 AAAAACAATC GCTTGTGTTG TTAGATGCAG ATTTGCGACA GATAAATGCT 
2451 ScAGGATTG TGCGATTGAT AGTATCCATT GTGTGAGTTC GTGTCTCCTT 
250^ caSactcgt CATCACCACC GGCTATGATT TTGGACACGG ACGACAGTCG 
2551 Sacagagct agcatgaaac ATATCAGTAA cttcgatctg aaccctatgt 

26^ A^SwAAA AAAATCCACT GAATGTGGAC AAATAATTAC AATAAACTCC 
2651 ATAATCCATA AGCTTCAATA TATAAGTTAT TAACTTTAAA TCCTGGATCC 
270^ ACCTCTACGA ATCTCGATAT ACTTATTATT TAGGGAGTGG GTGTGTGCTA 
2751 GACACTCACG GTCTTTGATT CAAGATGATA AAGTTGAAAA CTTTTATATT 
2801 ?gSctaagt TAGCACCATC ATCAAAACTA AATAATGGTG TAGTAGTATT 

MsrSoclSac ggcaaataaa atagtagtat tttgtattta ttgatttgtt 

2901 GGTAAAATTA CAAGTAATTG CAGTTGAAAA ATAAGATGAA TAAAAATAAA 
2951 TAAATattct ccaggctaaa gcgtgaatat ctcgctctct naaaggagat 
3001 tcaagcccac tgcggnaaca cctccaccgg nccagcaata atactctcga 
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FIG. 25 A 




1 CCCACCATGC CCCAAGGCCC AAAATATTGG GCCTATGTGT CCATCAATTG 
51 TGCCCAACAA GCAATCACTT GTGTTATCCG TTGCGGCCCG CCACCTCCAT 
101 CGGTTACTTG CTATCAAGGT TGCGCGACTA GTGGTATCGG TTGTCTGACC 
151 TCCTGTCTCA CGCCAGCCAC ACCACCACCA ACCACCCCAC CAGCGCCAAT 
201 GATCTCGGAC ATGGGAAGAG AAATCTTTTA GGGGGTGAAT GCGAGTTTCA 
251 GATACTTGTT GTCTTGACTC AAAATATATA TAATTGAAAA CTTTTATATT 
301 TTTACTATGT TAGCACCATC TTCACAAAAT GGTGTAGTAA TATTAGGTAT 
351 TTTCAAATAA ATATTCTAGA TCCGTCTCTG TTATAAATAA ATAAAGCTTG 
401 ATCTAGATAT TTGAGAGGCT TTGTTATAAT AAAGTTAGCT TGCTTGTTTG 
451 AACTTCTAAC TCTTGTATGG GAGGTTTGTA GTCGTATCAC TAATATCAGA 
501 AGATTATAGA AACATTGGGA ATAAAATCAT TCGGGCCCGA AGATAATGAT 
551 TGGGATGATA TGAGATGGCC CTGGGCGAAG TGCACCAATA GCAACCTTGA 
601 AGTCTGATAT AAAAAATATA TTAATAATTT ACGATATATT TAAAGATGGG 
651 TCAATTCATC TAAGTTTCAG GAGTAAGTAT ATATCCTGAA TTTTTGTATA 
701 CTGAACTTTT GAATAGCTAA TTTGAAATTC AGGACTAAGT GTCCTAAATT 
751 TCTGAACTGC TAATTTAATG TTTAGGATAT AAGATTCGAA TTTTTGGACA 
801 CGATTTTTGA ACTTTAGGAC ACGATGTCAC GAAATTTGAA TTTTGAGGTT 
851 TAAACTTCAG GACGTCGTGT CCTGAAATTT AAACAAATTA GTTAATCTTT 
901 AAATATATTA TAAATTATAA ATATATTTTA AATAACATGC TTATAACGGA 
951 TGTTAGTATC ACGTAGCTTT TGTTGAACTC TTCGCATACA TTCAAGTGTA 
1001 ATAACCAAGT TTATTCTTTG GGTATATAAA GTGTTCCACT ATTTAATATT 
1051 CTTACAATAT AATTGTAAAG TGAATTTCAA ATTTTCTTTT TTATTTAGTC 
1101 AAAGTACTTT ATACTTATGT ACTTGACGTC TTAGTGATTT TTGTGCTATT 
1151 TTTCCCTTTA GCATAAGTAC TTCAATTTCA CATATTTGAA CCTAAGACTC 
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FIG. 25B 




1201 AATTTTCTTT AGTAAAAAAA GAACCGAACT AAAAAAATTC TCATTTTGTC 
1251 TACGAATAAT TTAACTTTTC CCTTCAAGAG AATCAACAAA ACATGCAAAA 
1301 TAACTTTTAG GTAACGTTTC TAAACTTACT GAATCATAGA AGTGTCAACT 
1351 TGTAGGATTT TAGCATAACA ATATGCTAAT AATATtTTAT GTGAAAAATT 
1401 CTGTATACGC TATTGTTCGG GCTAGCGTTT TGAATCATAA CGTGGGCAAA 
1451 GAAAATGATG CACCAATTCC AGGCCGACAA AAATTAAAGT TTCTTGAAAG 
1501 AAAAAATGAT ACTGTATAGC TGCTCTCAAC ATAATAACCG AAAAAATATA 
1551 TTTTTGTATG TTATATACAA GAAATATATA AATTTTATAT ACCTTTTCGG 
1601 CTAACGAATA TAAATATTTT CAGCCGCGAG CTAAGTATGA TCTTTGCCGT 
1651 TGTTAAAATT GGTCAAATTA CTATAAACAA AGTCCAAAAG ATAATAATAA 
1701 TTCAACCCCC TTTATCCGTA ATGGTGAGTA ACCCTCACGA ATTATATTCA 
1751 AATGGGATTG CCGTTTGTAA AATCtGCCTT CTTTACTCTA ACAAGATTAG 
1801 TTCACATCTT TTGTATGAAT AAAGTTGTCC ATAACAGAAA ACTCAAAACT 
1851 TTGCTCTACA TCCCTCCTAT ATAATGTCAC GTCAAGTTTA TGTTTTCGTA 
1901 TCATTTTCTT GAAAAGATAT TATATCATCG TAGAAGAACC AAGTGGTAAG 
1951 GCAACGGATT TTAGTCCGGC TAATTCCACT ATGGCTTTTC TTGCAACAAC 
2001 TTCACCAATT CATGTTTTAG CTTTGCTTAT GCTGATTTTT GCATCTACCA 
2051 AAATGCACCA TGCTCAAGGT AAATCAATTA CAGGGCCATG TGTGGTCGCT 
2101 TGTAGCAAAA AAACAATCGC TTGTGTTGTT AGATGCAGAT TTGCGACAGA 
2151 TAAATGCTCC CAGGATTGTG CGATTGATAG TATCCATTGC GTGAGTTCTT 
2201 GTCTCATTCA GAACACGCCA CCACCAACGG CTATGATTTT GGACACGGAC 
2251 GACAGTCGGG ACGGAGATAG CATGGAATAT ACCAATAACT TCGATCTGAA 
2301 CCCTATGTAT TAGTTGAAAA ATCCACTGAA TGTGGACAAA TAATAAACTT 
2351 TAGAACCCAT AAACTTGATT ATATAAGTCA TGAAATTCAA ATCCTGAATA 
2401 CGCCTCTACG AATCTAAATA TACTTATTAT TTAGGGAGTG GGTGTGTGCT 
2451 AGACACTCAC AGTCTTTGAT TCAAGATAAT AAAGTTGAAA ACTTTTATAT 
2501 ATGTACTAAG CTAGCACCAT CATCAAAACT AAATAATGGT GTAGTAGTAT 
2551 TTTGCATTCA CGGAAAATAA AATAGATGTA TTTTGTATTT ATCAATTTGT 
2601 TGGTGAAATT ATAAGTAATT ACAGTTAAAA AATAAGATGA AGAAAAATAA 
265 1_ATAAATATTC TTCATGCTGA AGCGCGGATA TCTCGCTCTC TTTAAGGAGA 
2701 TTCAAGCCCA CTGCAGTAGT ATCTTCACCG GTCCAGCAGT AATACTCTTG 
2751 ACTTGTCCCC TCTAGGATAC AACAGCTCGA CAATATCGTT TGACTCGAAC 
2801 AAATTCTGGA CAAGTTGTAG TTTCCAAAAC TCCACCAAAA TGAACACCTT 
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